Computer-Aided Saturation Mutagenesis of Arabidopsis thaliana Ent-Copalyl Diphosphate Synthase.
Ent-copalyl diphosphate synthase controls the biosynthesis of gibberellin plant hormones, which in turn coordinate the expression of numerous enzymes. Some gibberellin-dependent genes encode enzymes coordinating the biosynthesis of tanshinones: diterpene derivatives with broad medical applications. New biotechnological approaches, such as metabolic engineering using naturally occurring or mutated enzymes, have been proposed to meet the growing demand for tanshinones which is currently met by the Chinese medicinal plant Salvia miltiorrhiza Bunge. These mutants may be prepared by directed evolution, saturation mutagenesis or rational enzyme design. In the presented paper, 15,257 non-synonymous variants of Arabidopsis thaliana ent-copalyl diphosphate synthase were obtained using the SNAP2 tool. The obtained forms were screened to isolate variants with potentially improved biological functions. A group of 455 mutants with potentially improved stability was isolated and subjected to further screening on the basis of ligand-substrate affinity, and both secondary structure and active site structure stability. Finally, a group of six single mutants was obtained, which were used to construct double mutants with potentially improved stability and ligand affinity. The potential influence of single mutations on protein stability and ligand affinity was evaluated by double mutant cycle analysis. Finally, the procedure was validated by in silico assessment of the experimentally verified enzyme mutants with reduced enzymatic activity.